Except where otherwise indicated the methods in this study were identical with those previously described (Curran, 1931) . The same strain of B. mycoides was used.
Culture medium. Plain infusion agar adjusted to pH 7.0 constituted the basic medium.
Germination technique. The technique employed in studying surface tension involved the use of a solid substratum. Briefly, the procedure used was as follows: melted agar was poured into a petri dish having a minimum crowning at the center. Upon solidification of the medium and drying of moisture of condensation, small blocks approximately 5 mm. square were cut in the test and control agar with a small sterile knife. A small loopful of the spore suspension was then spread evenly upon the surfaces of the two blocks. Allowing one to three minutes for the culture film to dry, the inoculated surfaces were placed face downward near the center of a clean sterile coverslip. The squares of agar were contiguous but not in direct contact. The coverslip was then suspended over a sterile straight-sided hanging drop cell, and the mount sealed by means of melted paraffin to prevent drying.
The rest of the procedure was similar to that already described. Surface tnsion depressant. A 1 per cent solution of neutral sodium cleate (Merck) was used to reduce the surface tension of the culture medium. Sterilization was accomplished in the autoclave. The final reaction of the medium containing 0.1 and 0.5 cc. of this solution was approximately neutral. The higher concentrations produced a slight alkalinity.
Surface tension measurements. All the surface tension determinations were made with a du Nouy tensiometer. Graded amounts of the sterile stock solution of oleate were added aseptically to 10 cc. quantities of the sterile agar and thoroughly mixed. The media, with and without depressant, were stored in the refrigerator until ready for use. This method of mixing depressant and media eliminated possible hydrolysis of the reagent during sterilization. By this method also, surface equilibrium was established before the measurements were made. The im-portance of this factor in colloidal solutions has been emphasized by du Notiy (1924) .
When the surface tension measurements were to be made, two tubes of agar-one oleate and the other plain agar-were dissolved in the Arnold sterilizer. The tubes containing the melted agar were then immersed in a hot water bath and the temperature reduced to 55°C. Using a sterile pipette, 1 cc. of the test solution was delivered upon the center of a flamed sterile watch glass. An interval of one-quarter to one-half of a minute was allowed to elapse, following which two or three determinations were made. Usually no difficulty was experienced in obtaining close checks with this procedure. The surface tension measurements were made between 500 and 52°C. When the measurements upon both solutions were completed, the agar was poured into separate petri plates and the procedure carried out according to the directions previously outlined.
Glassware. All glassware used in this experiment was cleaned by treatment with hot acid dichromate solution, and rinsed once with tap water and twice with distilled water,-the latter obtained by distillation in Pyrex containers in the presence of alkaline permanganate.
RESULTS
Owing to the negative nature of the findings, the data are presented in one condensed Our own observations indicated that the vegetative cells of B. mycides grew abundantly in nutrient solutions containing oleate in the highest concentrations used in the germination studies. Aside from these facts, however, the negative nature of the results obtained in the lowest concentrations of oleate, should constitute ample proof of the absence of significant chemical activity in these media.
DISCUSSION
The results described in the present paper indicate rather clearly that surface tension is not a significant factor in the germination of the spores of B. mycoides under normal circumstances. Organic acids, esters and other substances produced in the growth of many bacteria may, under certain conditions, reduce the surface tension of their solutions. Nevertheless the depression in surface tension induced by purely metabolic activities would be considerably less than that produced by the lowest concentrations of oleate used in these studies. Within the conditions of the experiments the rate of germination was practically unaffected when the surface tension was reduced to 43.4 dynes, while a measurement of 35.1 dynes served only slightly to retard the rate of germination.
The total number of spores which germinated during the period of observation was not appreciably reduced until the surface tension was depressed to 32.8 dynes and, then, only slightly. With a longer period of observation it is not improbable that this slight difference would have entirely disappeared.
While germination prcceeded quite as well with the surface tension reduced 7 dynes, as in the control, there is no evidence of stimulation. If the permeability of the spore envelope and diffusion of the nutrient fluid into the cell were increased, they exerted no appreciable stimulus to the germination process. It is conceivable, of course, that other interacting factors may have masked possible effects upon permeability and diffusion.
The rather marked decrease in the germination rate and reduction in viable cells evident in columns 4 and 5 was possibly due, in part at least, to the chemical activity of the depressant, for in these cases the oleate was present in concentrations of 0.2 and 0.3 per cent, respectively. However, if the lowered germination rate and total percentage germination were due primarily to the chemical factor, one should expect a far greater retardation in column 5, in which the concentration of oleate was more than 33 times greater than in column 4. While the difference is definite it appears to follow more closely the smaller change in surface tension than the concentration of the depressant. However this may be, the principal point which we believe this work demonstrates is that the spores of this organism are comparatively insensitive to relatively wide variations in surface tension. Reduction in the surface tension representing 15 dynes produced but slight influence upon the germination process, while, with the maximum possible depression, 50 per cent of the spores germinated within six hours.
In the interpretation of these data it must be recognized that the results reported, in common with those of other investigators, are based upon measurements of the surface tension at the air-medium interface which may or may not represent the surface energy relationship at the organism-medium interface.
The facts brought out in this study may be briefly summarized as follows:
1. A reduction in surface tension to 43.4 dynes from an initial of 50 dynes has no appreciable' effect upon either the rate of germination or the total percentage of viable spores.
2. The development of spores in media the surface tension of which is depressed to 35.1 dynes is only slightly affected. The rate of germination is slightly retarded and the total percentage of germinating cells is somewhat less over a five-hour period.
3. At 32.8 dynes the rate of germination is markedly retarded but the total percentage of viable spores is only slightly reduced.
4. Below 32.8 dynes, germination is attended by a material decrease in both rate and total germination.
5. With the surface tension reduced to 30.7 dynes about 50 per cent of the spores are able to germinate within six hours.
6. Depression of the surface tension can not be relied upon to prevent or accelerate spore germination under ordinary conditions. 7. Surface tension is not a significant factor in the germination of the spores of B. mycoides.
